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ABSTRACT

Objective: Although incidence rates for mild cognitive impairment (MCI) have been reported, few
studies were specifically designed to measure the incidence of MCI and its subtypes using pub-
lished criteria. We estimated the incidence of amnestic MCI (aMCI) and nonamnestic MCI (naMCI)
in men and women separately.

Methods: A population-based prospective cohort of Olmsted County, MN, residents ages 70–89
years on October 1, 2004, underwent baseline and 15-month interval evaluations that included
the Clinical Dementia Rating scale, a neurologic evaluation, and neuropsychological testing. A
panel of examiners blinded to previous diagnoses reviewed data at each serial evaluation to as-
sess cognitive status according to published criteria.

Results: Among 1,450 subjects who were cognitively normal at baseline, 296 developed MCI. The
age- and sex-standardized incidence rate of MCI was 63.6 (per 1,000 person-years) overall, and
was higher in men (72.4) than women (57.3) and for aMCI (37.7) than naMCI (14.7). The incidence
rate of aMCI was higher for men (43.9) than women (33.3), and for subjects with �12 years of
education (42.6) than higher education (32.5). The risk of naMCI was also higher for men
(20.0) than women (10.9) and for subjects with �12 years of education (20.3) than higher
education (10.2).

Conclusions: The incidence rates for MCI are substantial. Differences in incidence rates by clinical
subtype and by sex suggest that risk factors for MCI should be investigated separately for aMCI
and naMCI, and in men and women. Neurology® 2012;78:342–351

GLOSSARY
aMCI � amnestic mild cognitive impairment; CI � confidence interval; DSM-IV � Diagnostic and Statistical Manual of Mental
Disorders, 4th edition; HR � hazard ratio; MCI � mild cognitive impairment; MCSA � Mayo Clinic Study of Aging; naMCI �
nonamnestic mild cognitive impairment; TICS-m � Telephone Interview of Cognitive Status–modified.

Mild cognitive impairment (MCI) can be a prodromal stage of dementia, and the distribution
of incident MCI by age, sex, and other demographic variables is key to guiding etiologic
research and prevention. However, incidence rates of MCI have varied across studies because of
differences in study design and implementation of diagnostic criteria.1 More importantly, few
studies have estimated the incidence of specific subtypes of MCI.1,2 We previously reported a
higher prevalence of MCI in men than in women in Olmsted County, MN3; however, this
difference has not been assessed prospectively.

Differences in risk of amnestic MCI (aMCI) and nonamnestic MCI (naMCI) in men and
women may generate hypotheses about etiologic mechanisms. Thus, we estimated the inci-
dence of MCI and its subtypes using published diagnostic criteria, and investigated some
demographic risk factors in a population-based prospective cohort study, the Mayo Clinic
Study of Aging (MCSA).3–5
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METHODS Study sample. We established a population-
based cohort to estimate the incidence of MCI in Olmsted
County, MN. Details of the study design and participant recruit-
ment are provided elsewhere and are only briefly summarized
here.3,4 We used the medical records linkage system of the Roch-
ester Epidemiology Project to construct a sampling frame of Ol-
msted County residents who were aged 70–89 years on October
1, 2004 (total population � 9,953).6,7 From an age- and sex-
stratified random sample of 5,233 subjects, 4,398 subjects were
eligible for the study and 2,719 (61.8%) participated in the base-
line evaluation either in person (n � 2,050; 46.6%; full partici-
pants) or by telephone (n � 669; 15.2%; telephone-only
participants).3,4

In-person evaluations. Each subject underwent an interview
by a nurse, a neurologic evaluation by a physician, and extensive
cognitive testing by a psychometrist. The interview included
questions about memory administered to the participant, and
the Clinical Dementia Rating scale8 and the Functional Activi-
ties Questionnaire administered to an informant.9 The neuro-
logic evaluation included the Short Test of Mental Status,10 a
medical history review, and a complete neurologic examination.
Neuropsychological testing was performed using 9 tests to assess
impairment in memory, executive function, language, and visu-
ospatial skills domains. The raw scores on each test were trans-
formed into an age-adjusted score using normative data from
Mayo’s Older American Normative Studies and were scaled to
have a mean of 10 and a SD of 3.11 Domain scores were com-
puted by summing the adjusted and scaled scores within a do-
main, and scaling the combined scores to allow comparisons
across domains.3,4 Date of birth, number of years of education,
and marital status at baseline were ascertained from the nurse
interview.

Diagnostic criteria. The performance in a cognitive domain
was assessed by comparing the domain score of a participant
with the score in normal subjects from the Olmsted County
population.11 Cognitive impairment was considered if the score
was �1.0 SD below the mean. However, the final decision about
impairment in a cognitive domain was based on a consensus
agreement among the examining physician, nurse, and neuro-
psychologist, taking into account education, prior occupation,
visual or hearing deficits, and other information.3

A diagnosis of MCI was determined according to published
criteria as follows: cognitive concern by subject (from interview),
informant (from the Clinical Dementia Rating scale), nurse, or
physician; impairment in 1 or more of the 4 cognitive domains
(from cognitive battery); essentially normal functional activities
(from the Clinical Dementia Rating scale and the Functional
Activities Questionnaire); and absence of dementia.3–5 Subjects
with MCI were classified as having aMCI if the memory domain
was impaired or naMCI if the memory domain was not impaired
but at least one nonmemory domain was impaired. Subjects were
also classified as single-domain vs multiple-domain MCI. A di-
agnosis of dementia was based on DSM-IV criteria.12 Subjects
were considered to be cognitively normal if they performed
within the normative range and did not meet criteria for MCI or
dementia.3–5

Longitudinal follow-up. We evaluated participants at 15-
month intervals using the same protocol for in-person assess-
ments as was used at baseline. Clinical and cognitive findings
obtained from previous evaluations were not considered in mak-
ing a diagnosis during follow-up. Subjects who participated in
the baseline assessment but declined evaluation at follow-up

were invited to participate in a telephone interview (partial par-

ticipation) that included the Telephone Interview of Cognitive

Status–modified (TICS-m),13,14 the Clinical Dementia Rating

scale,8 and the Neuropsychiatric Inventory Questionnaire.15 The

diagnosis of cognitively normal, MCI, or dementia for partial

participants was made using the same criteria as were used at

baseline; however, the MCI subtype could not be determined

because they did not undergo the complete neuropsychological

testing (n � 24).

For subjects who were examined at baseline but had no

follow-up or were lost to follow-up after one or more evalua-

tions, we reviewed the medical records contained in the records

linkage system to abstract diagnoses of MCI by a neurologist or

diagnoses of dementia by a physician recorded as part of routine

medical practice.6,7,16

Telephone-only participants. Subjects who participated at

baseline by telephone only were interviewed using the 50-item

TICS-m.4,13,14 Follow-up assessments were also performed using

the TICS-m administered via telephone and these subjects were

only included in secondary analyses. We used the TICS-m cutoff

score �31 for cognitive impairment and �27 for dementia,

based on a validation study conducted on this cohort.14

Statistical analyses. Persons who were cognitively normal at

baseline were considered at risk for incident MCI. The onset of

MCI was assigned at the midpoint between the last assessment as

cognitively normal and the first-ever assessment as MCI. Sub-

jects who developed dementia without an interim diagnosis of

MCI were presumed to have passed through an MCI stage with

onset at the midpoint (n � 12). Subjects who refused participa-

tion, could not be contacted, or died during follow-up were cen-

sored at their last evaluation. We computed the person-years of

follow-up as the time from baseline evaluation to onset of MCI,

onset of dementia without interim MCI, censoring, or date of

last follow-up. Our analyses included only first ever MCI diag-

noses, and did not consider subjects who reverted to normal after

an initial diagnosis of MCI. However, we also investigated the

rate of first ever reversion from MCI back to normal.

We estimated incidence rates by age, sex, education (�9,

9–12, 13–16, and �16 years), and marital status (married, pre-

viously married, and never married) using incidence density

methods (cases per 1,000 person-years). The incidence rates were

directly standardized by age and sex to the Olmsted County

population on October 1, 2004 (whenever applicable), and ad-

justed for nonparticipation at baseline using reciprocal probabil-

ity weighting in Poisson regression models.3,17–19 Our primary

analyses were restricted to full and partial participants only.

We used multivariable proportional hazards models with age

as the time scale to assess associations of demographic factors

with incident MCI (hazard ratios [HR], 95% confidence inter-

vals [CI]). All models included sex, education (�12 vs �12

years), and nonparticipation at baseline (using reciprocal proba-

bility weighting).3,17–19 Finally, we explored interactions between

sex, age, and education. Our secondary analyses included infor-

mation obtained directly from telephone-only participants and

information obtained passively from medical record review for

subjects who were lost to follow-up at any time after baseline.6,7,16

Standard protocol approvals, registrations, and patient
consent. The study was approved by the institutional review

boards of the Mayo Clinic and of Olmsted Medical Center.

Written informed consent was obtained for all participants who

were examined as part of the study.
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RESULTS Study sample. Figure 1 shows the flow
chart of the study. Among 1,640 subjects evaluated
in person at baseline and found to be free of demen-
tia or MCI, 125 subjects refused follow-up and 26
subjects moved away (total � 151; 9.2%). These 151
subjects were more likely to have lower education
than subjects with �1 follow-up (55.0% vs 43.2%
with �12 years of education; p � 0.006); however,
they were similar in regard to sex and age. Among
306 telephone-only participants who were free of de-
mentia or cognitive impairment at baseline, 19 sub-

jects refused follow-up and 9 subjects moved away
(total � 28, 9.2%). These 28 subjects were similar to
participants in regard to age, sex, and number of
years of education.

Primary incidence analyses. We observed 296 inci-
dent cases of MCI over a total of 4,512.9 person-
years and with a median follow-up of 3.4 years
(interquartile range 2.2– 4.0 years). In particular,
177 (12.2%) subjects had 2 assessments, 406
(28.0%) had 3, 721 (49.7%) had 4, and 146

Figure 1 Study flow chart

*These percentages refer to a total of 1,450 (100.0%) subjects included in the primary analyses. aMCI � amnestic mild
cognitive impairment; MCI � mild cognitive impairment; naMCI � nonamnestic mild cognitive impairment; TICS-m � Tele-
phone Interview of Cognitive Status–modified.
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(10.1%) had 5 assessments. The incidence rate of
MCI increased with increasing age in both men and
women, and was consistently higher in men except in
the age group 85–89 years (figure 2A; table 1). The
incidence rate of MCI declined with increasing levels
of education for both men and women (figure 2B).
The incidence rate was higher for aMCI than for
naMCI, and increased with age for all 4 clinical sub-
types, but the increase was most marked for single-
domain aMCI (figure 2C; table 1, footnotes e and f).
Finally, the incidence rate declined with increasing
levels of education for all 4 subtypes of MCI, but the
decline was less marked for single-domain aMCI
(figure 2D). The incidence rate of any MCI, aMCI,
and naMCI was higher in subjects who were not
married at baseline (data not shown).

Cohort analyses for demographic factors. The hazard
ratio of any MCI was elevated in men and for sub-
jects with low education or previously married (table
2). The findings were similar for aMCI and naMCI
considered separately (table 2). We observed a signif-
icant interaction between age and sex suggesting that

the difference in risk of any MCI and aMCI between
men and women attenuates with increasing age (an-
tagonistic interaction; figure 2A and table e-1 on the
Neurology® Web site at www.neurology.org). We
also observed a synergistic interaction between sex
and education suggesting that men with low educa-
tion have an unexpectedly high risk of naMCI (figure
2B and table e-1).

Secondary analyses. MCI incidence rates were higher
when we included in our analyses data from telephone-
only participants (93.3 vs 63.6; table 1, footnote c);
however, they showed little incremental change when
we included data from telephone-only participants plus
data passively ascertained from medical records of sub-
jects lost to follow-up (95.2 vs 93.3; table 1, footnote c).
The higher incidence in men than in women persisted
in both secondary analyses.

Stability of MCI diagnoses. Of the 284 subjects who
developed MCI, 148 had at least one subsequent
follow-up and 98 of them remained MCI or pro-
gressed to dementia (66.2%) whereas 50 reverted to

Figure 2 Incidence rates of mild cognitive impairment (MCI) in Olmsted County, MN

(A) Age- and sex-specific incidence rates of MCI. (B) Education- and sex-specific incidence rates of MCI. (C) Age- and type-specific incidence rates of MCI.
(D) Education- and type-specific incidence rates of MCI. aMCI � amnestic mild cognitive impairment; MD � multiple-domain; naMCI � nonamnestic mild
cognitive impairment; SD � single-domain.
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Table 1 Incidence rates of any MCI, amnestic MCI, and nonamnestic MCI by several demographic characteristicsa

Men Women Both sexes

Demographic characteristics Events, n Rate per 1,000 (95% CI) Events, n Rate per 1,000 (95% CI) Events, n Rate per 1,000 (95% CI)

Any MCI

Age, yb

70–74 29 44.2 (29.6–63.4) 15 25.1 (14.1–41.4) 44 35.9 (20.4–51.4)

75–79 42 62.6 (45.1–84.7) 14 23.8 (13.0–39.9) 56 44.9 (28.8–61.0)

80–84 60 90.2 (68.8–116.1) 56 78.2 (59.1–101.5) 116 86.3 (63.6–109.0)

85–89 30 125.2 (84.5–178.7) 50 132.3 (98.2–174.4) 80 135.0 (95.6–174.4)

Total (70–89)c 161 72.4 (56.6–88.1) 135 57.3 (43.8–70.8) 296 63.6 (49.2–78.1)

Education, yd

>16 30 50.5 (21.5–79.5) 7 22.0 (0.0–48.7) 37 33.9 (6.2–61.6)

13–16 45 54.6 (31.0–78.3) 57 49.5 (30.5–68.6) 102 51.7 (30.7–72.6)

9–12 67 84.3 (56.6–112.1) 65 72.8 (49.3–96.3) 132 77.6 (52.4–102.9)

<9 19 163.9 (73.2–254.5) 6 67.5 (5.2–129.8) 25 107.8 (33.6–181.9)

Amnestic MCI

Age, yb

70–74 21 31.4 (19.4–48.0) 10 16.5 (7.9–30.4) 31 24.1 (11.6–36.6)

75–79 27 39.0 (25.7–56.7) 9 15.0 (6.9–28.5) 36 26.3 (14.1–38.4)

80–84 37 52.1 (36.7–71.8) 36 48.4 (33.9–67.0) 73 51.7 (34.6–68.9)

85–89 20 79.3 (48.4–122.4) 29 71.4 (47.8–102.6) 49 74.2 (45.8–102.5)

Total (70–89)c,e 105 43.9 (31.9–55.9) 84 33.3 (23.2–43.5) 189 37.7 (26.8–48.7)

Education, yd

>16 22 36.6 (12.3–60.9) 7 22.0 (0.0–48.7) 29 28.1 (2.4–53.8)

13–16 36 43.7 (22.8–64.7) 33 27.2 (13.3–41.1) 69 34.1 (17.3–51.0)

9–12 39 45.5 (25.8–65.2) 42 45.2 (26.8–63.7) 81 45.4 (26.4–64.3)

<9 8 47.8 (4.1–91.6) 2 12.0 (0.0–25.2) 10 27.0 (1.0–53.0)

Nonamnestic MCI

Age, yb

70–74 7 10.7 (4.3–21.9) 3 5.0 (1.0–14.6) 10 7.7 (0.7–14.8)

75–79 9 13.2 (6.1–25.2) 2 3.3 (0.4–12.0) 11 9.5 (2.3–16.6)

80–84 21 31.4 (19.5–48.1) 10 13.8 (6.6–25.4) 31 21.1 (10.2–32.1)

85–89 7 29.2 (11.7–60.1) 12 31.2 (16.1–54.5) 19 32.0 (12.9–51.2)

Total (70–89)c,f 44 20.0 (11.8–28.2) 27 10.9 (5.1–16.7) 71 14.7 (7.9–21.5)

Education, yd

>16 6 9.7 (0.0–22.5) 0 0.0 6 4.1 (0.0–9.4)

13–16 7 7.1 (1.6–12.7) 16 14.1 (3.9–24.2) 23 11.2 (2.9–19.4)

9–12 24 30.5 (13.8–47.3) 10 10.1 (2.3–18.0) 34 18.7 (7.1–30.2)

<9 7 56.3 (5.4–107.2) 1 19.3 (0.0–47.1) 8 34.8 (0.0–72.2)

Abbreviations: aMCI � amnestic mild cognitive impairment; CI � confidence interval; MCI � mild cognitive impairment; naMCI � nonamnestic mild cognitive
impairment.
a Incidence (per 1,000 person-years) estimated using incidence density methods, directly standardized by age and sex to the Olmsted County, MN,
population on October 1, 2004, and adjusted for nonparticipation at baseline using reciprocal probability weighting. Incidence rates for aMCI and naMCI do
not sum up to total MCI because the MCI subtype could not be determined for 24 incident MCI cases who were assessed only by telephone at follow-up and
12 subjects who progressed directly from cognitively normal to dementia.
b Age at baseline.
c Secondary analyses. The incidence rates including MCI from in-person evaluation and from telephone-only participants were 93.3 (77.1–109.6) overall,
102.5 (84.9–120.2) for men, and 86.7 (71.4–102.0) for women. The incidence rates including MCI from in-person evaluation, from telephone-only partici-
pants, and from review of medical records were 95.2 (79.0–111.4) overall, 106.6 (88.8–124.4) for men, and 87.0 (72.0–102.1) for women.
d Incidence rates for subjects with �12 vs �12 years of education were 80.2 (56.5–103.9) vs 48.3 (31.1–65.5) for any MCI, 42.6 (25.8–59.3) vs 32.5
(18.6–46.4) for aMCI, and 20.3 (8.9–31.6) vs 10.2 (2.5–18.0) for naMCI.
e The incidence rate of aMCI was 25.5 (16.5–34.5) for single-domain and 11.7 (5.8–17.5) for multiple-domain.
f The incidence rate of naMCI was 10.2 (4.7–15.8) for single-domain and 4.4 (0.6–8.2) for multiple-domain.
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Table 2 Cohort analyses for demographic characteristics and risk of any MCI, amnestic MCI, and nonamnestic MCI

Persons at risk, n Person-years of follow-up MCI events, n

Model adjusted for age, sex,
education, and nonparticipationa

Demographic characteristics Hazard ratio (95% CI) p

Any MCI

Sex

Women 728 2,281 135 1.00 (reference) —

Men 722 2,232 161 1.40 (1.11–1.76) 0.004

Education, yb

>16 259 858 37 1.00 (reference) —

13–16 564 1,833 102 1.34 (0.87–2.06) 0.18

9–12 547 1,604 132 2.05 (1.36–3.09) 0.001

<9 80 218 25 2.07 (1.26–3.40) 0.004

Marital statusc

Married 903 2,881 165 1.00 (reference) —

Previously marriedd 479 1,410 118 1.33 (1.02–1.75) 0.04

Never married 68 222 13 1.27 (0.68–2.38) 0.45

Amnestic MCI

Sex

Women 728 2,355 84 1.00 (reference) —

Men 722 2,325 105 1.40 (1.05–1.87) 0.02

Education, yb

>16 259 869 29 1.00 (reference) —

13–16 564 1,882 69 1.13 (0.69–1.86) 0.62

9–12 547 1,686 81 1.50 (0.93–2.42) 0.09

<9 80 243 10 1.03 (0.53–2.00) 0.93

Marital statusc

Married 903 2,978 106 1.00 (reference) —

Previously marriedd 479 1,474 75 1.40 (1.00–1.97) 0.05

Never married 68 228 8 1.02 (0.44–2.36) 0.96

Nonamnestic MCI

Sex

Women 728 2,308 27 1.00 (reference) —

Men 722 2,244 44 2.06 (1.27–3.34) 0.003

Education, yb

>16 259 861 6 1.00 (reference) —

13–16 564 1,841 23 2.03 (0.72–5.73) 0.18

9–12 547 1,621 34 3.46 (1.28–9.36) 0.01

<9 80 230 8 4.12 (1.37–12.37) 0.01

Marital statusc

Married 903 2,898 43 1.00 (reference) —

Previously marriedd 479 1,432 23 1.06 (0.60–1.87) 0.84

Never married 68 222 5 2.92 (1.10–7.75) 0.03

Abbreviations: aMCI � amnestic mild cognitive impairment; CI � confidence interval; MCI � mild cognitive impairment; naMCI � nonamnestic mild cognitive
impairment.
a Models adjusted for age (used as the time scale), sex, education (�12 vs �12 years), whenever it was applicable, and nonparticipation at baseline (using
reciprocal probability weighting).
b Hazard ratios (95% CI) for �12 vs �12 years of education were 1.65 (1.31–2.08), p�0.0001 for any MCI; 1.29 (0.97–1.72), p � 0.08 for aMCI; and 2.09
(1.29–3.40), p � 0.003 for naMCI.
c Previously married included widowed, divorced, or separated subjects. Hazard ratios (95% CI) for all not married subjects (previously or never married vs
married) were 1.33 (1.02–1.73), p � 0.04 for any MCI; 1.37 (0.98–1.91), p � 0.07 for aMCI; and 1.19 (0.69–2.05), p � 0.52 for naMCI.
d The hazard ratio for previously married vs married adjusted by depression (measured using the Neuropsychiatric Inventory Questionnaire) was 1.29
(0.98–1.69), p � 0.07 for MCI; 1.34 (0.95–1.90), p � 0.09 for aMCI; and 1.15 (0.66–2.00), p � 0.62 for naMCI.
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normal (33.8%; first ever reversion to normal). After
accounting for death or losses to follow-up, the rever-
sion rate from MCI to normal was 12.3% per year.
The reversion rate was higher for subjects who were
less impaired at the time of MCI diagnosis (as mea-
sured by global cognitive score, memory score, and
Functional Activity Questionnaire).

DISCUSSION MCI is a heterogeneous clinical en-
tity with incidence rates that vary substantially by
age, sex, and subtype. The MCSA showed a higher
incidence of MCI in men compared to women that is
contrary to a higher risk of dementia in women re-
ported by some studies20 and contrary to a similar
incidence rate of dementia in men and women ob-
served in this same Olmsted County population.21

The higher risk of MCI in men was consistent for
both aMCI and naMCI. In addition, our study
showed higher incidence rates for aMCI than for
naMCI. Finally, we observed higher rates of MCI in
persons with lower education and who were not mar-
ried. The observed higher incidence of MCI in men
is consistent with the higher prevalence of MCI in
men observed in this same Olmsted County popula-
tion.3 Similarly, the increased incidence rates in sub-
jects with lower education and in subjects who were
not married were consistent with the findings for
prevalence in our study.3

We were unable to directly compare our inci-
dence rates with some of the population-based stud-
ies previously published for several reasons.1 First,
unlike MCSA, age- or age- and sex-specific incidence
rates were not reported for some studies.2,22,23 Sec-
ond, the study participants were much younger in
one study,22 or had a much different age distribution
in another.23 Third, one study was conducted in a
healthy cohort where MCI risk factors were an exclu-
sion criterion.24 Finally, some studies only investi-
gated aMCI.22–27

Figure 3 shows a comparison of age- and sex-
specific incidence rates from our study and 2 other
studies that provided rates for aMCI and naMCI sep-
arately: the Leipzig Longitudinal Study of the Aged
from Germany,28 the Kungsholmen Project from
Sweden,29 and the MCSA from the United States (pres-
ent study). For aMCI, our incidence rates were higher
than in the Swedish study but similar to the rates in the
German study (figure 3B). The sex pattern in our study
was opposite to the German study but was consistent
with the Swedish study. For naMCI, our incidence rates
were lower than the rates in both the German and the
Swedish studies (figure 3C). The sex pattern was similar
across the 3 studies; however, the sex differences in risk
were small in the German study.

The variability in incidence rates across studies
may, in part, be due to differences in study design
and implementation of criteria for MCI. Studies that
relied solely on the Mini-Mental State Examination
or that used an algorithmic categorization based on
neuropsychological tests, studies that required a
memory complaint from the participant (as in the
earlier MCI criteria),30 studies that did not collect
information from an informant, studies that did not

Figure 3 Comparison of age- and sex-specific incidence rates for mild
cognitive impairment (MCI) across studies

(A) Incidence rates for any MCI. (B) Incidence rates for amnestic mild cognitive impairment
(aMCI). (C) Incidence rates for nonamnestic mild cognitive impairment (naMCI). The dashed
lines represent rates for women (W), and the solid lines represent rates for men (M). The
red lines represent the Leipzig Longitudinal Study of the Aged from Germany (D)28; the black
lines represent the Mayo Clinic Study of Aging from the United States, present study (US);
the blue lines represent the Kungsholmen Project from Sweden (S).29 For the Swedish study, we
considered their definition of “other cognitive impairment no dementia” as equivalent to naMCI.
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require the judgment of a clinician, or studies that
applied MCI criteria retrospectively to previously
collected data may have yielded different patterns.
For example, the lower rates of naMCI in the MCSA
may be due to the use of a consensus panel diagnosis
rather than an algorithmic diagnosis. MCI diagnoses
that rely solely on a neuropsychological algorithm
will necessarily overestimate the frequency of deficits
in several nonamnestic domains compared to a single
memory domain. The variability of MCI incidence
rates across studies underscores the need to standard-
ize approaches to MCI diagnosis.1

The demographic predictors of incident MCI
other than sex that were observed in the MCSA were
consistent with those in some other studies. Older
age was associated with an increased risk of MCI in
several,2,22,28,29,31 but not in all studies.25,26,32 Low ed-
ucation was associated with increased risk in some
studies.28,31 Amnestic MCI was associated with older
age27,29 and low education.22,27 Nonamnestic MCI
was associated with low education.2

Our findings for marital status are consistent with
findings in the German study and do not appear to
be due to a diagnostic bias.28 Subjects who had lost
their spouse at baseline were expected to experience
an underdiagnosis or a delayed diagnosis of MCI be-
cause of lack of an optimal informant. Indeed, previ-
ously married subjects had significantly higher scores
on the Clinical Dementia Rating scale or the Func-
tional Activity Questionnaire at the time of first diag-
nosis of MCI than married subjects (data not
shown). The biological basis of this association re-
mains uncertain. Subjects who had lost their spouse
had a significantly higher rate of depression than
married subjects at baseline15; however, adjustment
for depression at baseline did not modify the associa-
tion of marital status with MCI incidence noticeably
(table 2, footnote d). Therefore, other mechanisms
such as changes in dietary habits or lack of daily sup-
port in managing existing diseases (e.g., compliance
with medications) may also be involved.

In our study, we observed 2 interesting patterns of
interaction. The antagonistic interaction of sex and
age was significant for aMCI but not for naMCI,
whereas the synergistic interaction of sex and educa-
tion was significant for naMCI but not for aMCI.
One possible interpretation is that men with low ed-
ucation have behaviors and life events that may ex-
pose them to several risk factors leading to naMCI.
Alternatively, men with low education may have
been at cognitive disadvantage early in life and their
low education was already a marker of limited cogni-
tive reserve.33 These 2 patterns of interaction be-
tween sex and age and sex and education seem to
differ for aMCI and naMCI, suggesting that risk fac-

tors for MCI should be investigated considering both
type of MCI and sex separately. Analyses that pool
men with women and aMCI with naMCI may fail to
identify specific risk factors because the specific asso-
ciations would be diluted away.

We observed a reversion rate from MCI to nor-
mal of approximately 12.3% per year. This rate is
lower than or similar to previous estimates,2,34,35 and
does not account for subjects who will revert back a
second time from normal to MCI in an extended
follow-up. Because our consensus diagnoses were made
without knowledge of the performance at prior visits,
our estimates of conversion to MCI and reversion from
MCI were not biased by clinical expectations.

Our study has several strengths. First, it is a large
population-based study that was specifically designed
to investigate the incidence of MCI and its subtypes
using published criteria.5 Second, the comprehensive
clinical evaluation and the consensus approach pro-
vided reliable diagnoses of MCI and MCI subtypes;
in particular, we did not use a multistage evaluation
where subjects who screened negative were not fully
evaluated. Third, repeated assessments of cognitive
status were performed without knowledge of the cog-
nitive status at the preceding evaluation; thus we
were able to investigate the stability of MCI diagno-
sis over time. Finally, the passive ascertainment of
incident events through the medical records linkage
system for subjects who were lost to follow-up pro-
vided more accurate estimates of MCI incidence.6,7,16

Our study had some limitations. First, nonpartic-
ipants at the baseline evaluation were more likely to
be men, older, or to have type 2 diabetes mellitus and
a high Charlson Comorbidity Index compared to
participants, as reported elsewhere.4 However, when
we adjusted for potential nonparticipation bias using
propensity scores, the unadjusted and adjusted esti-
mates were similar. Second, the population of Olm-
sted County is primarily of European ancestry, thus
the findings may not apply to other ethnic groups.
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